This presents significant problems to researchers attempting to clarify this phenomenon by means of conventional research methods. Thus, it seems necessary to start the search with other tools that will allow the exploration of the nature of this phenomenon. Such an unconventional instrument is the fuzzy set method which has been used in logics, geometry and mathematics and which accumulates both a qualitative and a quantitative approach. When applied in the studies on the multi-level political system of the EU, it reveals phenomena that could not be seen when using conventional methods. One of the most important effects of this method exists in the fuzzy levels of the EU political system situated among the traditional (crisp) levels (regional, national and supranational).
The fuzzy set method in European studies
The fuzzy set 1 method is a unique research tool stemming from mathematics, geometry and logics but which can be applied in the social sciences, hence in the European political studies. It combines the known quantitative and qualitative approaches and can be used in European studies to explain many phenomena that are hard to identify by means of traditional research methods.
Charles Ragin treats the fuzzy set method as a bridge between quantitative and qualitative methods and the scientific ideas (assumptions) and proofs. It links theory with data analysis. Researchers interested in qualitative analysis deal simultaneously with several cases, but their analysis remained oriented towards many aspects of the studied cases, and they explained the extent to which different elements of those cases are mutually related (contextually and historically). The fuzzy set method is based on the fuzzy set logic. 3 Traditional dual logics (of two dimensions, sets or values), e.g. true or false, everything or nothing, and other examples fail to explain all the processes. Fuzzy set logic is an answer to these problems because it is the logics of three values or dimensions (or even the logics of more than three dimensions), e.g. true or false or an in-between state, black or white or grey situated between the former two.
The fuzzy set method helps to perceive states (objects, phenomena) that are situated inside conventional dichotomic sets (e.g. 'true' and 'false', 'yes' and 'no', 'black' and 'white') . Not frequently can we call things 'black' or 'white' and use extreme values. Therefore it should be emphasised that the fuzzy set method makes it possible to locate in-between conventional states (the 'grey areas') in two or more than two sets due to the application of a methodological solutions. As a result the method is used to explain more or less determined properties, states or features of a given event or phenomenon (object) being a part of a strongly non-homogenous (fuzzy) set or subset 4 of events, objects or phenomena. Thanks to seizing fuzzy intervals, the fuzzy set method expands on a range of 'colours', shapes, impressions, states, aims, etc. and helps to choose the best of them (the ones that are the most appropriate in a given moment).
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A conventional set is dichotomic, which means that its given element can be described by two ordinary states, i.e. it is either 'in' or 'out' of the set. For example, the conventional European set is comparable to a binary variable of two values: 'in' means (1) that he/she is a European, while 'out' means (0) that he/she is not a European. The fuzzy set method, however, permits membership in the intervals between 0 and 1, simultaneously preserving the two aforementioned conventional states, i.e. full membership in a set and full non-membership (absence) in another one . Thus a fuzzy set permits such types of membership as: units that are 'fully inside' (membership marked slightly more accurately as 1.0), 'almost inside' (0.90), the ones that are 'neither more inside nor more outside' (0.5), units that are 'slightly more outside than inside' (0.45) and, finally, the ones that are 'fully outside' (0) the set. The units between membership (1) and non-membership (0) are the units of fuzzy membership. In other words we can say that it is a partial membership. 6 Therefore the fuzzy set method explains the contextual nature of phenomena and events.
In order to reduce a fuzzy set, that is to restore a conventional set (object) we use the defuzzyfication method with the aid of which we obtain clear values. Another defuzzification technique is centre of gravity which reduces a fuzzy set to its centre (or core).
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In European studies, the fuzzy set method can be used for example, to explain the process of instituting supranationality. According to Mathias Koenig-Archibugi supranationality can exist in two alternative combinations derived from two different analyses. The first fuzzy set approach says that supranationality is a combination of a regional government with political adjustment (the accordance and harmonisation). It can be presented as an equation: regionalism + policy of harmonisation (adjustment) = supranationalism.
According to the second analysis (the so called regressive analysis), supranationality is a combination of regionalism (regional regime) with the European identity as well as a smaller, more limited material capacity. 8 Thus there are two routes leading to supranationalism: either a regional regime will be associated with harmonisation and accordance, which will be sufficient for supranationalism to occur, or the regional regime will be combined with a strong European identity and limited material capacity.
9 Both combinations include the participation of a regional government thus, according to Koenig-Archibugi, its existence is so important that in such government's the absence of supranationalism cannot occur.
As it turns out, together with the development of European external affairs and the appearance of new actors in between the two traditional levels of international interactions (the logics of two dimensions) less popular subnational, transnational or supranational levels emerge (the logics of many dimensions). The supranationality in international relations and in European studies is another dimension (the fuzzy set ___________________________ 6 Charles Ragin sees at least four different states of membership (belonging to a set): a. those who are entirely outside the set (0), b. those who are not entirely outside the set, but still more 'out' than 'in' (fuzzy membership >0 but <.5), c. . those who are more 'in' than 'out', but still not entirely 'in' (fuzzy membership >.5 but <1.0), d. those who are entirely inside the set (1.0). Ch. Ragin, Fuzzy-Set Social Science, Chicago, London 2000, p. 7. J. Ruszkowski, Wstep…, op. cit., pp. 22-23. 7 Ibid., p. 23. 8 M. Koenig-Archibugi, Explaining Government Preferences for Institutional Change in EU Foreign and Security Policy, "International Organization", January 2004, Vol. 58, No. 1, p. 153. 9 Improved material capacity and well-being of countries do not encourage supranational cooperation, or supranational altruism.
logic is based on the logics of three or more than three dimensions) in between the national (state) and the international dimension.
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Not only does the fuzzy set method facilitate the explanation for the existence of new levels of international cooperation, including the supranational level, but it can also be used to expound on the dynamic rules in the studies of the multilevel political system of the EU.
In the EU political system we can see that various reasons (or their combinations) can lead to the same results. For example, different ways of adapting the EU requirements in the member states bring the same effect. Or, different methods or means of implementing a given EU directive result in the same expected final effect that the directive sets forth. Such manifold causality leading to the same result is called equifinality.
11 Thus equifinality indicates that a certain cause affects a result depending on its interactions with other factors (causes), which triggers off a combination of causes. The term 'equifinality' can also be understood as a flexible adaptation system, hence equifinality contributes to the analysis of the supranational impact.
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In the studies of manifold causality, or heterogeneous causality, conventional statistical methods or a conventional comparative analysis are not particularly useful. Unconventional methods, on the other hand, are more helpful since they combine the power of quantitative and qualitative methods, which have been so far used separately thus bringing only partial results. Such unconventional methods of quantitative and qualitative synthesis applied in social sciences, and particularly in comparative political and European studies, include the above mentioned fuzzy set method and the Qualitative Comparative Analysis (QCA) method.
13 Ch. C. Ragin 14 which, contrary to the original QCA, is not only limited to the situations where the result and reasons for a given event or phenomenon to occur are either present or absent, but is also used to observe the third, intermediate states (that is why Ch. C. Ragin integrated both methods) and includes the probability of chance interpretation and takes the importance of statistics into consideration. Thus the fs/QCA is a combination of quantitative and qualitative elements and is the extension of the basic methods that it consists of. So, let us attempt to use the fuzzy set method to study the EU political system which is based on Multi-level Governance (MLG).
The Extended Version of the EU Multi-level Governance (MLG)
Classic Multi-level Governance (MLG) means that the EU political system 15 is founded on a combination of supranational and intergovernmental organisations and on a certain degree of centralisation and decentralisation. The lowest level consists of regions and cities followed by nation states that, in turn, are overseen by supranational organisations. There is no centre of cumulated governmental power. Competences are redistributed among different levels of governance. Thus in the so defined political system of the EU there are, at least, three levels of relationships: the regional, the national and the supranational, which can be referred toas conventional because their character is unambiguous and they are easy to define.
The changes in the common decision-making process that have been observed since the 1980s have resulted in a gradually emerging multi-level political system (Multi-level Polity) which itself created numerous openings that made it accessible for various interest groups . 16 This governance system, referred to as Multi-level Governance (MLG) 17 , is not a stable equilibrium. It is rather a result of the allocation Fuzzy-Set Social Science, Chicago, London 2000, p. 120-121. 15 According to James Caporaso before the early system in the European Union was founded (protoEuropean polity) Europe experienced disintegration of the Balance of Power system which had been coordinated by a network of bilateral and multilateral agreements among national governments. The process of forming the political system of EC/EU was accompanied by the establishment of independent political institutions operating on the supranational level. J. interact with each other under the European legal order which, through the innovative jurisdiction of the European Court of Justice, has been transformed in order to establish the supranational order.
G. Marks defines Multi-level Governance as a system of permanent negotiations run by governments on several territorial levels -the supranational, the national, the regional and the local level -as a result of a broader process of establishing institutions and restructuring the decision-making systems. This process is based on delegating some centralised competences of individual states 'upwards' to supranational organisations, or 'downwards' to the regional or local level.
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Therefore the decision-making process in a multi-level structure moves away from a national government in two directions: 'upwards' to supranational organisations 20 and 'downwards' to subnational units.
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G. Marks and L. Hooghe mention two types of power-sharing in the MLG of the European Union. The first one refers to the hierarchic sharing of power among different levels (which is limited) where the competence and the powers to act are well defined, just as in a federation. In the second type, governance is constituted by fragmented but functional and specialised institutions, which have 'blurred' borders as they overlap each other, while executing their unique responsibilities. The number of levels among which functions are to be distributed is unlimited. Furthermore Marks and Hooghe claim that the European Union is an exception where the first type of power-sharing is observed, because it exists within individual member-states. 22 Thus a problem would arise if the number of levels in the EU were to be limited to the afore-mentioned traditional (conventional) levels. Washington, 1992, p. 211. 20 Political centralisation is a long-lasting trend that can be noticed in all the multi-level political systems. As a rule, political systems are barely centralised at their onset. However, as they are growing and evolving, the degree of centralisation is rising as competences are gradually delegated to central agents who cumulate their prerogatives and manage them centrally, e.g. supranationally. 21 Governance in the EU can be executed beyond a national state (mainly on the supranational level) although on other levels and in inter-level combinations it takes place with the participation of member states falling under typical for the Governance institutionalization. Thus it is possible to ignore a state in the process of power-sharing or decision-making because both the above mentioned can occur between the supranational Community institutions and subnational authorities (regional, subfederal, etc.) . We cannot forget that the state can maintain certain elements of control and influence on those processes through the EU institutions of inter-governmental character (the Council of the European Union, the European Council -where member states play their leading role through their governments). Thus the classic model of the EU political system as the Multi-level Governance (MLG) presents only the 'conventional' (unconditional) levels, i.e. the ones that are strictly defined by the players. For example, the actors operating on the regional (subnational) level belong to this level because they constitute the set of regional actors (regional or local governments, and other examples), the actors operating on the national level simultaneously belong to that level (e.g. national governments, states, national institutions, etc.). Finally, the actors operating on the supranational level are assigned to this level and they create the set of supranational actors (e.g. the EU institutions). 23 This approach, however, does not consider the dependencies among the levels including the activities within the EU political system that are hard to be attributed to one of the known conventional levels.
The undisputable character of the traditional approach to the levels in the MLG stems from the clear logic of two dimensions, i.e. the presence or absence of actors in a given set (here on a given level). However, when we apply research methods based on the logic of more than two dimensions, e.g. the fuzzy set method, it becomes apparent that this method presumes not only the presence in a given set in its pure form (full membership inside), which in the fuzzy set terms is defined as '1', or the lack of presence (the lack of affiliation) in the set defined as '0', 24 but, most importantly, such logic enables us to define the states in-between the sets, i.e. what is happening in the point of their crossover or in the situation when their membership is not 'complete' (full), but it is more 'inside' or more 'outside', etc. Thus the most significant are fuzzy spaces or crossover points (cps) 25 of a given set or dimension. If we adopt, as a dimension in the EU, the level of management that is familiar to us (regional, national, supranational) with a defined set of affiliated actors, it happens to be the case that those actors are able to operate not only on their own level, but also on a different level or at a contact point with another level (in-between the levels) where they create a new, fuzzy operation level and use all the advantages of the other levels. According to B. Jones and M. Keating, an exemplary combination of the capacity of actors operating on the supranational (European) and the regional levels, especially the type of their activity, brings a new result of a diversified character which is a consequence of transferring activities in bilateral relations between central and local
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, where local means a supranational level in the EU ___________________________ 23 The issue of set-theoretic relationship is of central importance in reference to the relation between theoretical argumentation and empirical analysis and that is why researchers dealing with social sciences should not ignore it. 24 Fuzzy set embodies both qualitative states (full membership in the set [1.0] and full nonmembership in the set [0]) as well as the variations occurring on the in-between levels (i.e. between 0 and 1.0)in one instrument. Ch. Ragin, Fuzzy-Set… op. cit.,p. 9, Ch. Ragin, The Comparative Method…op. cit.,, Ch. Ragin, P. Pennings, Fuzzy Sets and Social Research… op. cit.,, J. Ruszkowski, Wstep…, op. cit., p. 22. Charles Ragin mentions at least four different memberships: 1. those who are fully outside the set (0), 2. those who are not fully outside the set, but more 'out' than 'in' (fuzzy membership >0 but <.5),, 3. those who are more 'in' than 'out', but not fully 'in' (fuzzy membership >.5 but <1.0), 4. those who are fully inside the set (1.0). Ch. Ragin, Fuzzy-Set… op .cit., s. 7. J. Ruszkowski, Wstep…op. cit., pp. 22-23. 25 A crossover point (.5) is a point of maximum ambiguity (more 'in' or more outside the set). (.5) is the main part of a fuzzy set. 26 B. Jones, M. Keating (eds.), The European Union and the Region, Oxford 1995, p. 291. It also happens that due to the EU cohesion policy (before 2007 defined as a regional policy) strong regions and local a regional one.
We can assume that the opportunity to define the points of the set (level) crossover is specific evidence that proves that the fuzzy space exists within the conventional levels. Subsequently, incorporating this evidence to the direct analysis of the fuzzy levels within the MLG of the EU will facilitate the determination of the specific character of the new levels.
Let us check the results of applying the fuzzy set method to the analysis of the European Grouping of Territorial Cooperation (EGTC 27 ). First we should define all the reasons in a form of hypotheses (H), i.e. the necessary and sufficient conditions 28 that can affect the establishment of the EGTC. At the same time we define the sets of actors of a particular membership. The sets will be considered in the further study (see the Breakdown 1). Then we select all the possible variations of the set and the membership combinations in order to find the points (or a point) of their crossover. The crossover points are a vital proof that the fuzzy space (a new fuzzy level) exists.
Breakdown 1.
The fuzzy set analysis in reference to EGTC

Reasons in a form of hypotheses (H) that can affect the establishment of the EGTC:
H1: Being a region in the EU member state (set A) is a necessary condition for the EGTC to come to existence. 28 In social science the strategy to study individual reasons is not a good solution because, as a rule, causality is complex, or manifold. We know, however, that different reasons can lead to the same results (equifinality). Determination of conditions (reasons) that are necessary or sufficient is a very important task in the initial phase of a study conducted by means of the fuzzy set method. As far as a necessary condition is concerned meeting its requirements (the occurrence of a necessary reason) is necessary but not sufficient for a result to occur. It means that meeting a necessary condition will not make the result happen. In the case of a sufficient condition (the occurrence of a sufficient reason) meeting it is sufficient but not necessary for a result to occur. It means that even if a sufficient condition does not occur, a result will happen anyway. In other words, a condition (reason) that is sufficient is enough for a result to occur, regardless of other reasons being present or absent. Hence the analysis of necessary and sufficient causality is of key importance in the fuzzy set method and the QCA. 
H2: Being a region belonging to the EGTC (set B) is a necessary condition to
H3:
Being a region of a EU member state and belonging to the EGTC is a sufficient condition to adopt supranational rules.
H4: Being a EU member state (set C) is a necessary condition for the EGTC to come to existence.
H5: Being a EU member state that at the same time belongs to the EGTC (set D) together with the regions belonging to the EGTC (set B) is a sufficient condition to adopt supranational rules.
Thus there are four sets including a specific membership: Set A: regions in the EU member states (on the regional level) Set B:
regions belonging the EGTC (on the supranational level) Set C:
the EU member states (on the national level) Set D&B: the states belonging to the EGTC together with the regions (on the supranational level)
Therefore for the EGTC to emerge we need two variations of the set combination (crossover) 30 that guarantee the new results to appear: A*B C*(D*B) (where "* " is the conjunction "and"
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) If the region belongs both to the set A (the regions in the EU member states) and to the set B (the regions belonging to the supranational EGTC), it means that it is situated at the point of the crossover of these two sets: the regional A and supranational B). So this region belongs to the fuzzy set of the regions adopting the supranational rules. It is the first crossover point (cp) between the regional and supranational levels, i.e.:
A*B = cp1.
The new result of this particular combination is that the EGTCs operate on the regional-supranational fuzzy level. The 'constitutional culture' of the EGTC has become polycentric.
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So each EGTC operates at least on the regional-supranational fuzzy level. But any EGTC can be joined by a state. If such a state belongs both to the set C (the EU member states) and to the set D&B (states and regions belonging to a EGTC), it means that it is situated at a junction of two sets -the national C and the regional-supranational D&B), thus this country belongs to the fuzzy set of the states and regions that have adopted supranational rules of the EGTC. It is another crossover point (cp) between the national and regional-supranational levels, i.e.: 
C*(D*B) = cp2.
The new result of such a combination is that the EGTCs operates on the regional-national-supranational fuzzy level.
Breakdown 1 contains a procedure of scientific argumentation based on the fuzzy set demonstrating that there are two crossover points between the sets that are necessary for an EGTC to be established. If EGTCs consist of regions only, they meet the condition of operating on the regional-supranational fuzzy level. On the other hand, EGTCs consisting of both states and regions meet the condition of operating on the regional-national-supranational fuzzy level.
Thanks to the fuzzy set method the factors which explain necessary and sufficient reasons for a certain event to occur work together in order to bring a new result -the EGTCs. It has already been mentioned that when various reasons lead to the same result, we deal with equifinality. The fuzzy set method helps to reveal manifold causality (equifinality) as well as such combinations of reasons that can crossover and expose the main part of the fuzzy set, i.e. the maximum ambiguity at the crossover points.
So it is apparent that the European Groupings of Territorial Cooperation are an interesting and new example of the regional-national-supranational fuzzy level. We have already learnt that they are carriers of rights and that they are a form of cooperation based on the powers delegated by local and regional authorities or other organisations from the EU member states. All that is aimed to establish this type of groupings being the first crossover point between the regional and supranational levels. The EGTCs are an innovative solution whose character is designed to reach a supranational degree but which are to operate on fuzzy levels and generate collaboration both of the regions in the EU member states or local and territorial governments and the member states themselves. The EGTCs are based in one selected EU state which can but do not have to be their member. Then they are managed according to the national law of the host country, as well as Community law (the second crossover point, this time between the national and regional-supranational levels). The EGTCs are an excellent example of a new result attributable to various factors and situated on a fuzzy level, with one or two crossover points, and spread between two or even three conventional levels: the regional, the national and the supranational ones. Thus the EGTCs play the role of a specific laboratory in the system multilevel governance in the EU.
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Our search for new fuzzy levels in the MLG by means of the fuzzy set method draws our attention to the effects of the activities within the EU political system that are undertaken with the use of shared powers, i.e. of such powers which in a given area (e.g. sectoral policies) belong simultaneously to the EU members states and to the supranational institutions (or to the European Union). We will present this analysis on the basis of international mixed agreements 34 signed by both 36 These agreements are of a mixed nature because their subject and material range is neither exclusively subject to the EU nor to the national authority, but is subject to both the shared powers of the Union and its member states. Therefore both negotiating such agreements and their subsequent execution requires close cooperation between the EU itself and its member states.
To start with we should define -just as in the case of the EGTCs -the reasons in a form of hypotheses (i.e. necessary conditions and sufficient conditions) that may influence the execution of international mixed agreements between the EU and its members. 37 Then we should follow Breakdown 2. Breakdown 2.
The fuzzy set analysis in reference to international mixed agreements
Reasons in a form of hypotheses (H) that can affect the execution of international mixed agreements:
H1: Being an EU member state (set A) is a necessary condition to sign an international mixed agreement with a third country or with an international organisation H2: Being in the European Union as a carrier of rights (set B) is a necessary condition to sign an international mixed agreement with a third country or with an international organisation H3: Being third country or an international organisation (set C) is a sufficient condition to sign an international mixed agreement with the EC H4: Being the EU member state (set A) with the European Union as a carrier of rights (set B) is a sufficient condition to sign an international mixed agreement with the third country or with an international organisation.
Thus there are three sets containing a particular membership:
Set A: the EU member states (on the national level) Set B:
the European Union as a carrier of rights (on the supranational level) Set C: the third countries and international organisations So in order to execute an international mixed agreement with the third countries or with international organisations we require one variation of the combination (crossover) of sets which will bring a new result: If an EU member state (set A) forms a shared set with the European Union as a carrier of rights (set B), which is a necessary condition to sign an international mixed agreement with a third country or with an international organisation (set C), then the member state and the EU constitute a fuzzy set A and B. It is a crossover point between the national and the supranational level, so (A*B)*C = cp.
The new result of such combination are international mixed agreements that illustrate the nature of the national-supranational fuzzy level.
Hence the international mixed agreements are created at the crossover point, i.e. on the national-supranational level because it is the European Community (the European Union since December 1, 2009) as an international carrier of rights along with the member states (and their national institutions) that have influence on the execution of such agreements. Therefore the new national-supranational level in the EU political system is a fuzzy level on which a defined activity brings new results.
As a result of the analysis carried out with the use of the fuzzy set method, apart from conventional levels of the EU political system, we can also see fuzzy levels, i.e. the ones where the activities and responsibilities of conventional levels overlap and where crossover points appear. The fuzzy levels are the new levels emerging either at the contact point of two conventional levels or when conventional (crisp) levels overlap due to crossover points.
Let us present two other examples of events that probably occur on the fuzzy levels in EU the multi-level political system (MLG), but let us restrict our presentation to results only and skip the process of proving according to the rules of the fuzzy set method since it is necessary to show how the method is useful. Here are two examples of results (activities) that are likely to occur on fuzzy levels:
1. The co-decision procedure (legislative procedure by which regulations are adopted together by the inter-governmental Council of the European Union representing the interests of nation countries and by the supranational European Parliament) is a form of governance in the European political system executed on the national-supranational level because the legal act that has been adopted in this way results from the activity taking place at the crossover point between the national and the supranational levels.
2. The Representation Offices of the regions to the European Union opened in Brussels are a means of identifying these institutions on a regional-subnational fuzzy level (with the omission of the member states).
The lack of the fuzzy set analysis of the above mentioned examples (in a form of results rather than proofs) that are likely to occur on the fuzzy levels of the MLG in the European Union shows how important the fuzzy set method is. In fact, it can be used to support arguments that we are dealing with in combination of sets (in the point of their crossover or contact) and with its new final result located on a fuzzy level.
Graph1 presents the location of fuzzy levels among the conventional ones. 
CONVENTIONAL LEVELS FUZZY LEVELS
Fuzzy levels demonstrate the type of activity in the multi-level political system of the EU which have been hard to define in the political sciences thus far. They have also been difficult to locate and name. Therefore, in order to explain the nature of this activity and to overcome the above problems, a more serviceable tool should be applied, and that tool is the fuzzy set method. It certainly offers new opportunities and opens new areas in European studies.
Conclusion
Courtesy of the fuzzy set method at least three new fuzzy levels in the multilevel political system of the EU have been identified in this study: 1. the nationalsupranational level, 2. the regional-supranational level, and 3. the regional-nationalsupranational level. We should naturally assume, that further research into this field will extend the area of study and support the thesis that the number of levels in the MLG is not limited to the known conventional (crisp) ones. So the political system of the EU is a system of multi-level governance executed on conventional and fuzzy levels, as well as in-between these levels, consequently, the MLG is a conglomeration of all of the aforementioned levels. 
